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INTERIM DEFINITIVE ORBIT FOR THE SATELLITE

1958- GAMMA, EXPLORE R-III

INTROD UC TION

The interim definitiveephemeris for the orbit of the satellite1958-Gamma, Explorer-
IIIduring the period of its radio lifetime is presented in this report. A summary of cer-

tain position information indicating accuracies for the orbital arcs underlying the ephem-

eris is presented in Table I. The detailed ephemeris information ispresented at the end

of this report in the form of tables which give the latitude and longitude of the sub-satellite

point and the satelliteheight for each minute oftime. The sub-satellite point is defined

here as the point on the earth's surface over which the satellitewas determined to be at

the indicated time. This form of presentation was recommended by the International Geo-

physical Year agencies concerned, for use in specifying the orbitalpositions of IGY
satellites.

Time is specified by giving in columns, the day, hour and minute of Greenwich mean
time. Longitude and geographic latitude are specified to the nearest second of arc. East
longitudes and north latitudes are taken as positive. The satellite height is expressed in
kilometers to four decimal places.

a

i

DETERMINATION OF THE ORBIT

The ephemeris is based upon radio interferometer observations obtained from the
worldwide Minitrack network established under Project Vanguard. The ephemeris was
arrived at by obtaining a set of overlapping orbital arcs. Each individual arc was deter-
mined by means of a differential correction process of the Eckert-Brouwer type (1). The
satellite position was determined using a formulation developed by Herget and Musen (2).
This formulation represents both the secular and periodic perturbations due to the earth's
oblateness. It represents the effect of atmospheric drag by identifying it with the linear
part of the change in the mean motion which was observed to occur during the interval
spanned by the orbital arc. The parameter which represents this atmospheric effect on
the mean motion, and which can be interpreted in terms of a period decrement, was re-
garded as a seventh unknown which was solved for simultaneously with the six orbital

elements in the differential correction process. The orbital elements given by the dif-
ferential correction process were the semi-major axis, a, the eccentricity, e, the incli-
nation, i, the right ascension of the ascending node, 8, the argument of perigee, w, the

mean anomaly, 1VIM, and the period decrement at the epoch, T M. Initial conditions for the
first orbital arc were obtained by methods such as those described in reference (3). The
observations which form the basis of each orbital arc were discussed. The final differen-

tial correction result was based upon the observations which were retained. The value
of the standard deviation of fit for each orbital arc is given in Table I in milliradians of

arc referred to the observer. These are then the basic measures of the accuracy with
which this interim definitive orbit is determined. The accuracies of the corresponding
satellite positions are functions of the ranges involved. These ranges are of the order of
1000 miles on the average, hence the values shown in the third column of Table I can be
thought of as approximate values of the uncertainties in the positions in miles.

The transfer from one arc to the next occurs at a time in the interval of overlap at
which the radial distance between the positions specified by the two adjacent arcs is a
minimum. Values of this distance and the corresponding differences in the coordinates
also are given in Table I. Positions corresponding to both arcs at the transfer time are
given in the ephemeris. The arcs are identified by number. The differences between the
positions at the transfer times are comparable to the residuals within the individual arcs.
Hence the complete ephemeris provides a piecewise continuous representation of the
entire orbital arc.

t



Equator crossing information is presented for ascending nodes. It appears in lines
between the entries for the minute vectors which occur just before and after the nodal

crossings. These lines contain the day, hour, minute and second of the nodal crossing;
the longitude of the node in degrees, minutes and seconds; the pass number; and the
satellite height in kilometers to four decimal places.

Certain of the station alerts which were generated for the benefit of observers are
also shown in the sets of columns giving the satellite positions. They give information
about the satellite at the time when it crossed the station's meridian. Each of these
stations alert lines includes information identifying the station, the time of the passage
of the satellite across the station's meridian in days, hours, minutes and seconds to the
nearest millisecond, the zenith angle in degrees, and the range in kilometers to four

decimal places. The zenith angle is taken as positive when the satellite is north of the
station. The direction of the satellite's traverse across the station's meridian also is

indicated. A key to the symbols identifying the stations and the positions of the stations
are contained in Table II.
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Table I

Summary of Certain Position Information for the Satellite
1958 - Gamma, Explorer III

For Interim Definitive Orbital Arcs extending from
1745 U.T. March 26, 1958 to 0559 U.T. June 17, 1958

Arc
No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Continued

Interval (d-h-m)
U.T.

26-17-45 to 28-23-57

28-23-57 to 30-23-47

30-23-47 to 02-01-03

02-01-04 to 04-01-00

04-01-00 to 06-00-52

06-00-52 to 08-01-54

08-01-54 to 10-02-55

10-02-55 to 11-21-52

11-21-52 to 14-02-23

14-02-23 to 16-02-36

16-02-36 to 17-23-35

17-23-35 to 19-21-28

19-21-28 to 22-01-02

22-01-02 to 24-02-45

24-02-45 to 26-00-33

26-00-33 to 28-01-46

28-01-46 to 30-04-51

30-04-51 to 02-04-58

02-04-58 to 04-00-39

04-00-39 to 06-01-01

06-01-01 to 08-04-57

Standard
Deviation

of Fit
milliradians

5°5

9.8

3.4

7.0

4.6

4.5

8.4

2.4

6.4

6.2

4.6

3.6

1.4

1.3

3.4

4.1

2.0

4.8

5.9

5.1

5.7

Coordinate Differences & Corre-

sponding Distances Between Points in
Adjacent Arcs at Transfer Times.
Distances are in Nautical Miles,

Angles in Nautical Miles at Sea Level.

Long. Lat.

4.51 0.09

4.25 0.35

9.30 6.76

4.69 0.52

1.73 3.63

0.92 1.60

2.17 3.05

1.65 0.02

0.95 1.78

1.80 4.18

1.81 2.27

0.85 0.18

0.03 0.93

0.53 1.13

1.49 1.87

1.84 1.70

1.53 2.82

1.62 0.07

4.68 4.35

1.63 1.67

Radial
Hr. Distance

6.42 8.6

4.25 6.3

6.16 17.0

6.33 8.3

2.44 5.1

0.01 1.9

0.25 3.9

2.05 2.8

0.22 2.1

1.48 5.3

0.19 3.1

2.10 2.3

3.25 3.4

1.01 1.7

0.61 2.5

0.05 2.6

1.09 3.7

3.77 4.2

3.87 7.6

O.96 2.6
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Table I.Concluded

Arc

No.

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

Interval (d-h-m)
U.T.

06-01-01 to 08-04-57

08-04-57 to 10-01-18

10-01-18 to 12-04-39

12-04-39 to 14-02-27

14-02-27 to 16-04-38

16-04-38 to 18-05-33

18-05-33 to 20-04-13

20-04-13 to 22-04-21

22-04-21 to 24-00-57

24-00-57 to 26-00-20

26-00-20 to 28-00-16

28-00-16 to 30-00-52

30-00-52 to 01-04-35

01-04-35 to 03-00-06

03-00-06 to 05-04-57

05-04-57 to 07-01-38

07-01-38 to 09-01-02

09-01-02 to 11-05-42

11-05-42 to 13-04-31

13-04-31 to 15-05-11

15-05-11 to 17-05-59

Standard

Deviation
of Fit

(milliradians

5.7

Coordinate Differences & Corre-

sponding Distances Between Points in
Adjacent Arcs at Transfer Times.
Distances are in Nautical Miles,
Angles inNautical Miles at Sea Level.

3.0

4.9

5.6

6.4

6.1

6.7

4.0

4.5

5_6

5_6

4_9

6°7

5.9

6.2

5.0

4.2

5.1

3.9

6.0

5.6

Long. Lat.

1.20

1.33

0.17

0.03

Ht.

0.90

5.86

1.16

7.59

0.11

2.27

1.17

0.97

1.25 2.30

1.57 1.74

1.45 0.69

0.68 1.48

1.40 0.86

2.75 8.28

1.87 1.86

1.50 O.75

2.82 5.45

2.57 4.73

0.93 0.49

0.58 2.03

2.23 1.30

1.47 5.08

0.80 0.50

0.12 6.44

1.13

0.77

1.08

0.07

0.93

9.95

1o00

0.61

2.34

0.06

0.94

0.28

0.45

4.44

0.99

3.20

Radial
Distance

1.6

6.5

1.7

7.7

2.90

2.51

1.98

1.64

1.92

14.17

2.92

1.81

6.65

5.42

1.46

2.07

2.71

7.07

1.40

7.25
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TableII
StationLocations

b

Station

De signation

ABDEEN

2AFMTC

AGASTA

ALASKA

IALBUQ
IALMGO

2ALSKA

ARKANS

2AZORS
BE LVOR

BLKSTA

1 BLOEM

BOLDER

BPOINT

BRMUDA

BSANDS
ICAPTO

ICHILK

2COLNS

CPCANI

CPHATS

ICURAC

DGRAND

DIANAO
EANTIG

E LPHAB

FTMONM
2FTMON

FTSILL

FTSTEW

FTSTEW

GOLDST

2GOLDS

GUAMIS

HAVANA

HAWAII

HAWS T L

HDLBRG

JOBURG

JODRE L

JOHNIS

1JUPTR

LANGLY

LAREDO

LIMAPU

LINCON

LINCON
LUZONP

MADRID

1MAUIO
MISLAK

Continued

Station Location

Aberdeen Proving Ground, Md.
AFMTC, Fla.

!Antofagasta, Chile
Stanford Research, Alaska
Kirtland AFB, Albuquerque
Holloman AFB, Almagorda, N.M.
Fairbanks, Alaska
Forrest City, Arkansas
AZORES

Ft. Belvoir, Virginia
Black Station, Nigeria, JPL
Bloemfontein, So. Africa
Boulder, Colo., Bustans Res.
Blossom Point, Maryland

•Paynters Hill,Bermuda

Barking Sands, Kauai, Hawaii

Capetown, South Africa

China Lake, California, NOTS

Collins Radio, Iowa
Cape Canaveral, Fla.,XN-I

Cape Hatteras, N.C.

Curacao Island,N.W.I.

Grand Turk Is., Down Range
Ft. Monmouth, N.J., Diana
East Antigua
Elephant Butte, New Mexico
Ft. Monmouth, New Jersey
Ft. Monmouth, New Jersey
Ft. Sill, Oklahoma
Ft. Stewart, Georgia
Ft. Stewart, Georgia
Goldstone Lake, Calif., JPL
Goldstone Lake, Calif.

Guam Mariana Is., Pacific
Havana, Cuba
Hawaii AF, Lunar
Hawaii STL Radar

Heidelberg, Germany
Esselen Park, South Africa

Jodrell Banks Obs., England
Johnston, Johnston Is., Pac.
Jupiter, Palm Beach, Fla.
Langley Rsch. Center, Va.
Laredo, Texas
Lima, Peru
Millstone, Mass.
Lincoln Lab., Millstone Radar
Luzon Island, Philippines
Madrid, Spain
Maul, Hawaii

Silver Lake, Greenville, Miss.

283
279
289
212
253
254
212
269
332
282
003
026
254
282
295
20O
018
242
268
279
284
291
288
285
298
252

285
285
261
278
278
243
243
144
277
2O4
204
0O8
O28
357
190
279
283
260
282
288
288
120
356

203
268

East

Longitude

55 04 N 39

24 21 N 28

43 36.838 S 23

09 36 N 64

27 30.837 N 35

02 58.045 N 35
10 00 N 64

14 10 N 35

55 15.4 N 38

52 14.8 N 38

54 01 N 07

13 35.6 S 29

45 42 N 40

54 48.170 N 38

17 57.040 N 32
12 40 N 22

28 37.984 S 33

20 13.2 N 35

25 23 N 42

24 09.949 N 28

28 58 N 35

09 46.00 N 12

51 56.685 N 21

56 20.4 N 40
13 16.536 N 17

00 10 N 33

58 30 N 40
58 30 N 40

35 40 N 34

30 18.040 N 31

29 26 N 31
09 06 N 35

08 57 N

51 07.824 N

28 33.880 N

18 53 N

18 54 N

43 14.8 N

14 28.376 S

41 38 N

29 N

50 30.48 N

36 34.580 N

38 00 N

50 58.182 S

30 28 N

30 32.4 N

31 18.0 N
34 48 N

44 23.4 N

58 44 N

Latitude

28 28
24 53
37 15.993
51 24
03 18.25
52 24.27
52 22.8
O0 54
45 10.8
42 03.5
26 22
06 19.52
07 42
25 49.718
20 11.677
02
56 00.440
39 25.2
02 05
13 35.279
15 03
05 50.4
30 21.196
ii 02
08 32.586
26 35

15 30
15 30
39 20
59 07.805
58 36
23 22.8

35 26 49
13 37 52.802
22 52 18.132
18 56 32
18 49 26.22
49 23 54

26 01 56.846
53 03 03
16 44
27 O0
37 06
27 32
11 46
42 37
42 25
15 11
40 15

20 42
33 08

27.04

10.995

00

36.492

03

27.84

37.0
36

36

54

vii

Elevation

(Ft)

1703
630

5310
4350

4901
5560

15

14
22

2300

23
30

16

33

'3410

141

1857
5370

75

656
161
512

i0,000



Table II-Concluded

Station

Designation

1NATAL
NE LC AL
2NOTSS
1OLFAN
OOME RA
1ORGAN
PALOTO
PANTIG
1PDENA
PNSTAT
PONAPE
PTRICO

1QUIPA
QUITOE
REDSTA
RNAMUR
2RSTON
1SACPK
SAMOAI
SANDIG
1SHRAZ
SILVER
SNTAGO
1SPAIN
STANF
STNFDU
STUMNK
2TEMPL
2THULE
1TOKYO
UGRAND
UILNOS
UWISCN

VANBUR

2VANBU
1VILDO

WAKE IS

WANTIG

WHITES

2WHITE

WOTH01

1YUMA

Station Location

Naini Tal, India

San Diego, Calif.
Naval Ord Station, Calif.

Olifantsfontein,So. Africa

Woomera, Australia
Organ Pass, New Mexico

Palo Alto, Calif.

Antigua Island, B.W.I.

Pasadena, Calif.
Penn. State Ionosph. Res. Lab.

Ponape Island, Pacific
Puerto Rico

Arequipa, Peru

Quito, Ecuador

Red Station,Calif.,JPL
Roi Namur Island, Pacific

Redstone Arsenal, Ala.

Sacramento Peak, New Mexico

Samoa Island, Pacific

Brown Field, San Diego, Calif.

Shiraz, Iran

Silver Sta.,Singapore, JPL

Santiago, Chile

S. Fernando, Cadiz, Spain
Stanford Research, Calif.

Rad. Prop. Lab., S_anford U., Cal.

Stump Neck, Md., N.R.L.

Temple City, L.A., Calif.

Thule, Greenland

Tokyo, Japan
Grand Turk Is.,Up Range

Univ. Illinois,Dept. Elec. Eng.

University Wis. Observatory
Van Buren, Maine

Van Buren, Maine

Villa Dolores, Argentina

Wake Island, Pacific
West Antigua
White Sands, New Mexico
White Sands, New Mexico
Wotho Island, Pacific
Vincent AFB, Yuma, Arizona

East

Longitude
Latitude

079 25 54 N 29 22 32

243 0143.078 N 32 34 47.420

242 26 23 N 35 40 37

028 14 53.91 S 25 57 33.85

136 46 56 S 31 06 12

253 26 51.74 N 32 25 24.25
237 49 29 N 37 24 11

298 13 16.536 N 17 08 32.586

241 30 38 N 34 06 56

282 08 N 40 48

158 11 48.6 N 06 56 47.3

292 54 04 N 18 03 54

288 30 31.4 S 16 27 43.5
281 25 14.770 S 00 37 21.751

243 35 05 N 33 04 19

165 27 37.5 N 09 23 12.1

273 20 08.5 N 34 40 37.9

254 I0 47 N 32 47 28
189 17 12 S 14 19 50

243 01 53 N 32 34 42

052 31 33.75 N 29 38 40.18

103 49 00 N 01 19 00

289 19 51.283 S 33 08 58.106

353 47 36.86 N 36 27 33.83

237 49 29 N 37 24 11

237 50 43 N 37 25 39

282 47 47 N 38 32 44

241 55 25 N 34 06 08

291 14 27.3 N 76 30 57.6

139 32 28.22 N 35 40 11.08

288 51 56.685 N 21 30 21.196

271 46 31.5 N 40 06 20.2

270 19 36.5 N 43 04 40.6

292 00 00 N 47 11 40
292 00 00 N 47 11 40

294 53 30 S 31 56 32

166 36 04.4 N 19 17 58

298 13 16.536 N 17 08 32.586

254 15 43.856 N 33 42 17.993

254 15 43.856 N 33 42 17.993

166 02 N 10 07

245 24 53 N 32 39 09

Elevation

(Ft)

6312
514

5066

510

5417

499

16

1200

8045

11,703

9000

5249

2280
79

499
500

190
30

774
1220

1962

16

212
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